Objectives: Milk and milk products are known to be the good media for development of many microorganisms. Some essential oils are known to have antimicrobial activities against bacteria, mould and fungi. With the aim of contributing to the preservation of the fermented dairy products, the present study explored the use of essential oils for biopreservation in food pathogen control. The objectives were to study the effect of two essential oils extracted from local plants Xylopia aethiopica (Dunal) A.Rich. and Pimenta racemosa (Mill.) J.W. Moore on the physico-chemical, microbiological and organoleptic characteristics of the fermented milk. Methodology and Results: At the first level, essential oils were extracted from the leaves of plants and the minimum inhibitory concentration (MIC) of each one was detected using the serial dilution method and Muller Hinton Broth medium. The references strains used were Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922. Based on the MICs determined, essential oils were added to fermented milk and determination of its physicochemical characteristic, evolution of the microbial flora (meophilic flora, lactic flora, coliforms, Staphylococcus aureus ) were done during two weeks of preservation. The results showed that Xylopia aethiopica had a lowest minimum inhibitory concentration. After fifteen days of preservation, a decrease of mesophilic flora and lactic bacteria was observed and a disappearance was noticed for coliforms, thermotolerant coliforms and Staphylococcus aureus during the same time. These results prove the efficiency of those essential oils in fermented milk preservation. Moreover, microorganisms' inhibition was more pronounced with Xylopia aethiopica essential oil than the Pimenta racemosa one. Conclusion and applications of findings: The study results showed a possible way of using essential oils as an alternative to chemical additives used for preservation of food products. As there are natural products, there could take an important part in the food safety policies.
INTRODUCTION
In Benin, agriculture contributes to 37% on gross domestic product (GDP) among which livestock stands to 6% of this part (Alkoiret et al., 2011) . The milk produced from this livestock is quantitavely low Journal of Applied Biosciences 99:9467 -9475 ISSN 1997-5902 and varies from 1L to 2.5 L per day according to the breeds (Dossou et al., 2006) . Indeed, milk is a high nutritious food, which contains lactose, protein, minerals, vitamins, fats and casein (Mahaut et al., 2000; Vierling, 2003) . In most of developing countries, local populations in rural areas consume milk fresh. In urban areas it is consumed both fresh and as other milk-derived products in which the most known is yogurt. In Benin, milk mostly produced by pastoral community, plays an important role in their daily food nutrition and contributes up to 50% of household (Ogodja et al., 1991) income through milk selling or by-products. Besides the low production of milk in Benin, the major problem is related to its preservation. To avoid the problem of preservation, milk is transformed into traditional cheese so called "waragashi" in local language. The milk pH close to neutral and water content around 90% to 92% makes it quickly perishable and susceptible to microorganisms attacks such as bacteria, moulds and yeasts. During milk storage, chemical reactions occur due to the presence of microorganisms, which induce deterioration of nutritional and organoleptic qualities and reducing the duration of preservation. Spoilage and contamination may occur in the milk chain because of poor hygiene, long periods of transportation and lack of appropriate storage facilities. Despite its nutritional value, milk also serves as a good medium for the growth of many microorganisms. To avoid the short-term conservation of milk and its by-products, it is important to inhibit or slow down these mechanisms which occurred during milk deterioration. In the fermented products, such as yogurt, maintain vitality of lactic flora is very important. Therefore, different methods and use of natural or chemical antioxidant and preservatives are applied to reach this purpose (Abdenouri et al., 2008) in order to extend the duration of preservation. Also, the limitation imposed by the food industry and the regulatory authorities about the use of certain synthetic food additives led to a renewed interest in the search for alternatives, as natural antimicrobial compounds, in particular those of vegetable origin (Hammer et al., 1999) . Essential oils appeared for many years to be an alternative in foods preservation process. Essential oil as well as compound by-products possess important activities of which the most studied is antimicrobial activity. Indeed, the antioxidant, bactericidal and fungicidal activities of essential oil extracted from several plants were studied by several researchers (Rasooli & Mirmostafa, 2002; Tepe et al., 2005; Giordani et al., 2005 ; Sacchetti et al., 2005 ; Valero & Frances , 2006) . The study aims to explore the use of essential oils in biopreservation of food pathogen control. The objectives are to study the effect of two essential oils extracted from local plants Xylopia aethiopica and Pimenta racemosa on the physico-chemical, microbiological and organoleptic characteristics of the fermented milk. Pimenta racemosa and Xylopia aethiopica are plants that have antimicrobial properties. Both essential oils were reported to have antimicrobial activities on Staphylococcus aureus and Escherichia coli strains.
MATERIAL AND METHODS
Collection of plant material and extraction of essential oils: The plant material is constituted by the fresh leaves of Xylopia aethiopica and of Pimenta racemosa harvested respectively in Djassin Tokpa (PortoNovo) and in Malawi (Adjarra) in the department of Ouémé. These Fresh leaves were then used for essential oils extraction. The essential oils were extracted from fresh leaves by the method of hydro-distillation in a distiller type Clevenger. Obtained essential oils were dried over anhydrous sodium sulphate and preserved at 4° C until their use.
Determination of Minimal Inhibitory Concentration:
The method of microdilution using microplates of 96 wells according to Bajpai et al. (2008a) and reported by Yèhouénou et al. (2010ab) was used. Two (2) ml of Mueller Hinton Broth (MHB) added by phenol red at the concentration of 0.02 g/l were used to dilute 40 µl of essential oil. Two (2) drops of Tween 80 were added to facilitate the mixture. The mixture of tested essential oil and Muller-Hinton Broth (MHB) medium was used as a negative control and the positive control was carried out with a mixture of tested microorganism. After making serial dilutions well by well, the microplate was covered and incubated at 37°C+/-1°C for twenty four (24) hours. Collection of biological material: The fresh milk was bought early the morning, just after milking in stock farms Tovidé et al. J. Appl. Biosci. 2016 Antimicrobial and physico-chemical effects of essential oils on fermented milk during preservation.
of the city of Abomey-Calavi. Samples were carried cold and stored in the refrigerator before the manipulations. Figure 1 show the diagram used for production of fermented milk in which essential oil was added.
Figure 1: Production of fermented milk containing essential oil
Physico-chemical analysis: Physico-chemical analysis concerned pH determination and peroxide index. For pH determination, the pH of fresh milk, fermented milk and fermented milk added with some essential oil was raised (found) every day during fifteen (15) days of preservation. Peroxide index was measured according to the standard method NT. 118.22 (1996) . This value was estimated every three (03) days during the fifteen days of preservation. Microbiological analysis: Milk samples were analyzed for their microbiological quality. Microbial flora of fresh milk, fermented milk without oil and fermented milk added with each type of essential oil were traced during fifteen (15) days storage at ambient temperature. Finally, the four types of samples were used for microbiological analysis. Fresh milk was used as a control. Enumeration of total mesophile flora using Plate Count Agar (PCA) with plates incubation at 30°C had been done for 72 hours. Coliforms were determined using violet red bile lactose agar (VRBL) after 24 hours ± 2 at 37°C and 44°C. The enumeration of total coliform was determined according to the NF standard method V08-050-199. The Staphylococci are determined according to the standard (ISO 15213-2003) Antimicrobial and physico-chemical effects of essential oils on fermented milk during preservation. medium after incubation at 37°C for 24 hours. Enumeration of the lactic flora was made on the ManRogosa-Sharpe agar (M.R.S) medium with incubation at 30°C during 72 hours. Preparation of decimal dilution of each sample has been done using the maximum recovery diluents. Data analysis: Data obtained were statistically analyzed using Statistical Package for Social Scientists (SPSS) version 17.0. Data were expressed as mean ± standard deviations of three replicate determinations (Pillai & Nair, 2013) . The data obtained for each sample were evaluated for significant differences in their means with analysis of variance (ANOVA). Critical difference at p = 0.05 was estimated.
RESULTS AND DISCUSSION
Minimal inhibitory concentration (MIC) of the two essential oils: The MICs of Xylopia aethiopica essential oil (EO) for the two microorganisms are 0.23 mg/ml and 0.46 mg/ml, while those for Pimenta racemosa are 1.10 mg/ml and 0.55 mg/ml respectively for Staphylococcus aureus and Escherichia coli are (Table 1) . MIC values obtained for Xylopia aethiopica near those obtained by Yèhouénou et al. (2010a) for the same microorganisms that were respectively 0.27 mg/ml and 0.54 mg/ml. the study noted that the tested strains were more sensitive to Xylopia aethiopica essential oil than to Pimenta racemosa. Effect of essential oils on milk flora during storage Total mesophilic flora: The aerobic mesophilic flora of fresh milk determined before fermentation was 2,5.10 5 CFU (Table 2 ). This value was higher than the standard recommend for fresh milk, which is 5.10 4 . During fermentation after 5, 10 and 15 days of storage at 4°C, the value determined were respectively 10 4 , 3.10 3 and 2.10 3 CFU/ml. This flora did not exceed the critical threshold of 5.10 4 CFU / ml during the fifteen days of preservation. During the period of storage, mesophile flora of fermented milk added with essential oils also decreased significatively (Table 3 ). The total number of flora estimated were lower than those obtained with fresh milk and fresh milk fermented without oil. Analysis of variance showed a significant difference between fermented milk added with essential oils and which fermented without essential oils. Indeed, fermented milk added with essential oil of Pimenta racemosa and Xylopia aethiopica had respectively 5.10 2 CFU/ml and 3,6.10 2 CFU/ml after fifteen days of preservation. This result showed the low level of microbial proliferation in which added with Xylopia aethiopica oil than the other. Coliforms: As total aerobic mesophile flora was determined, the coliforms had been enumerated for fresh milk fermented, fermented milk added with essential oils. Table 3 showed the results obtained for each sample during the same period of preservation. The level of coliform decreased with the time of preservation in the three types of sample. Moreover, this decrease is more important in the fermented milk added with essential oils especially with Pimenta racemosa compared to the other. Indeed, enumerated coliform was below the critical threshold, which is the 10 2 CFU/ml. This result showed that essential oils of these species contributed to the Tovidé et al.
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Antimicrobial and physico-chemical effects of essential oils on fermented milk during preservation. reduction of coliforms. In the same line, variation of the rate of the thermo-tolerant coliforms (TTC) in fermented milk preserved with or without essential oil was also determined. The number of unit forming colonies of the TTC decreased, in a fast way during the fifteen days of preservation samples. However, the number of TTC was lower than that required by the standard, which is 1 CFU / ml. Lactic flora: The lactic flora (FL) of the milk fermented without essential oil after 5, 10 and 15 days of preservation in 4°C is respectively 10 7 , 4.10 6 and 10 6 CFU / ml. During the period of storage, the FL knew a significant decrease for the two (2) lots of fermented milk preserved with essential oils. The fermented milk preserved with Pimenta racemosa oil presented for 5, 10 and 15 days respectively a rate of 28.10 5 , 8.10 5 and 14.10 4 CFU / ml and a respective rate of 12.10 5 , 44.10 4 and 9.10 4 CFU / ml for that preserved with Xylopia aethiopica. This flora exceeded the critical threshold of 10 2 CFU / ml during the fifteen days of preservation for three lots (Table 3) . 5 days 10 7 < 1 10 days 9 2 < 1 15 days 9 < 1 < 1
Enumeration of Staphylococcus sp. Flora: The variations of the rate of staphylococci in fermented milk preserved with or without essential oils are enumerated. The number of colonies (CFU/ml) of staphylococci decreases in a fast way in the samples during the fifteen days of preservation. However, the number of staphylococci is lower than that required by the standard, which is 10 2 CFU/ml for the three lots. Evolution of peroxide index: The peroxide index showed an increasing during the first ten (10) days of preservation for all fermented milk apart from addition or not of essential oils. After this, a decrease was observed during the last days resulting in the production on secondary metabolites derived from peroxide decomposition (Figure 3) . The consequence is the production of smell rancid and bad taste. Using ANOVA test and application of Duncan' test, a significant difference was observed between fermented milk and which added with essential oils. On the other hand, there was a significant difference between fermented milk preserved with essential oils. Pimenta racemosa' oil has antioxidant activity and contributed to reduce the degree of oxidation of the fat through inhibition of free radical formation (Eymard, 2003) . Similar results had been reported for Xylopia aethiopica with a lower effect than those observed with Pimenta racemosa (Asekun & Adeniyi, 2004; Noudogbessi et al., 2011) . Antimicrobial and physico-chemical effects of essential oils on fermented milk during preservation.
DISCUSSION
The low pH observed for all fermented milk could be explained on the one hand by fermentation due by lactic bacteria and on the second hand by the action of essential oils. Indeed, essential oils had an acid property, which is in relation with the peroxide index. These results were proved by the pH value obtained with fermented milk added by essential oils were low pH were obtained. Many studies showed the biological activities of essential oils (Deans & Ritchie, 1987 ; Bajpai et al., 2008a,b; ) and their multiple applications inside foods as antimicrobials (Lambert et al., 2001; Smith et al., 2001; Kèkè et al., 2009; Yèhouénou et al., 2010b) . It was observed a decrease of microbial flora such as mesophile germs, coliforms, lactic bacteria and Staphylococci flora species in all fermented milk added with essential oils when compared with the control. The highest value was found in fermented milk without oil, while the lowest was detected in fermented milk obtained with essential oils. Results from the Analysis of Variance (ANOVA) suggested that there was a significant difference (P<0.05) in bacterial loads between the two groups of samples. The use of essential oil of Pimenta racemosa and Xylopia aethiopica in the preservation of the fermented milk allowed us to notice that the efficiency of these oils on the bacterial flora is reduced when it is mixed with milk. The reduction of the microbial activity of oils on the bacteria of the fermented milk could be explained by the reduction of the contact area with the bacteria, which is doubtless function of the rate of miscibility of oil with milk. However, we noticed a real contribution of these oils to the reduction of the bacterial flora of the milk when we compare samples tests with the control without oil. In the fermented milk preserved without oil, we also noticed a decrease of the bacterial flora during the time of preservation except Staphylococcus' flora that remained intact. The persistence of this microbial flora could be explained by an insufficiency of acidity of milk resulted from fermentation and essential oil action to inhibit the growth of the Staphylococcus which have the minimal pH of growth around 4.2. Besides, for fermented milk preserved with essential oil, the efficiency of microbial flora decrease resulted from combination of acidity and essential oils. Indeed, for the milk added by essential oil of Pimenta Racemosa, it needed at least ten days to observe the disappearance of Staphylococcus when only five days were required for Xylopia aethiopica. These results showed a significant contribution of essential oils in inhibition of microbial flora. Indeed, according to Guylène et al. (1998) , oil extracted from Pimenta racemosa were bacteriostatic and fungistatic. The same results had been reported for Xylopia aethiopica (Karioti et al., 2004) . Moreover, antimicrobial activity of Xylopia aethiopica is more pronounced than that of Pimenta racemosa when compared the sample preserved with essential oils. This result could be explained by the fact that essential oil of Xylopia aethiopica contains more bacteriostatic substances than Pimenta racemosa' oil. Microbial activity of this oil was proved by several authors. Okigbo & Nmeka (2005) showed the antifungal and antimicrobial power of essential oil extracted from Xylopia aethiopica leaves. And its bactericidal activity was demonstrated by many authors (Alitonou, 2006; Noudogbessi et al., 2008; Yèhouénou et al., 2010a) . Indeed, with their great potential to control pathogen in food materials, essential oils had been recognized as alternative in foods preservation by several authors (Burt, 2004; Dahouenon-Ahoussi et al., 2010) . According to Kouninki et al. (2007) , action of Xylopia aethiopica could be explained by its chemical composition. On the other hand, Samaddar et al. (2015) reported that the use of plant extracts and essential oils in consumer goods is expected to increase in the future because volatile oils can be considered as a natural alternative to synthetic food preservatives and could be used to enhance food safety and shelf life.
CONCLUSION
Results of this study indicated that there is a great possibility to use essential oils as biopreservatives in fermented milk. Indeed, both of essential oils tested showed inhibitory activity against microorganisms. It occurs that, essential oils could be used to control microbial contaminants of foods and could be able to become useful tools for applications in foods preservation systems. The challenges for future are to determine the conditions, which avoid the loss of lactic bacteria; to preserve organoleptic characteristic of fermented milk after incorporation of essential oil; and preserve the effects of essential oils on food borne pathogens.
